BACKGROUND: Massive hemorrhage during craniofacial surgery is common and often results in hypovolemia and hypotension. We conducted this study to assess the effect of the addition of routine central venous pressure (CVP) monitoring on the incidence of intraoperative hypotension and to evaluate the relationship between CVP and hypotension in this population. METHODS: Data from our prospective craniofacial perioperative registry for children 6 to 24 months of age undergoing cranial vault reconstruction with CVP monitoring were compared with data from a historical cohort without CVP monitoring. The incidence and duration of hypotension in the 2 cohorts were compared. In the cohort of subjects with CVP monitoring who experienced hypotension, CVP at the onset of hypotension (T0) was compared with CVP 5 minutes before (T -5) and 5 minutes after (T + 5) the onset of hypotension and with the baseline CVP . The amount of time spent at various CVP levels below the baseline, and the associated incidence of hypotension were also determined. RESULTS: Data from 57 registry subjects were compared with data from 115 historical cohort subjects. The median total duration of hypotension in subjects experiencing hypotension was 278 seconds in the CVP cohort versus 165 seconds in the historical cohort; the median difference was 98 seconds (95% confidence interval [CI], -45 to 345 seconds). The incidence of hypotension was 18% in the CVP cohort versus 21% in the historical cohort; the difference in the incidence of hypotension was -3% (95% CI, -10% to 15%). Analysis using a linear mixed effects model showed a significant decrease in CVP from T -5 to T0 (95% CI, -0.9 to -2.2 mm Hg), a significant increase in CVP from T0 to T + 5 (95% CI, 1.0-2.4 mm Hg), no significant difference in CVP between T -5 and T + 5 (95% CI, -0.9 to 0.9 mm Hg), and a significant decrease in CVP from baseline to T0 (95% CI, -3.4 to -2.1 mm Hg). CVP at T0 was less than the baseline CVP in 97% of hypotensive episodes. When all cases were examined, CVP was ≥3 mm Hg below the baseline for 16% of the total time studied, with an associated incidence of hypotension of 2%. CONCLUSIONS: The implementation of routine CVP monitoring was not associated with a decreased incidence and likely was not associated with a decreased duration of hypotension in this population experiencing massive hemorrhage. Hypotension was associated with a decrease in CVP , and resolution of hypotension was associated with an increase in CVP to prehypotensive levels. However, significant decreases in CVP below the baseline were common and usually not associated with hypotension. The routine use of CVP monitoring in these children is of questionable utility as a means to decrease the incidence and duration of hypotension. (Anesth Analg 2013;116:411-9) 
C ontinuous and accurate assessment of intravascular volume status in patients undergoing surgical procedures with the potential for massive hemorrhage is vital for facilitating the timely replacement of blood loss and maintaining stable hemodynamics. The utility of central venous pressure (CVP) monitoring (CVP) for this purpose in infants and young children is controversial and not well studied. Children undergoing major craniofacial reconstruction surgery commonly have intraoperative blood loss exceeding the circulating blood volume, 1, 2 and therefore comprise an excellent population in which to evaluate different modalities for monitoring intravascular volume status. We recently conducted a review of the perioperative course of children undergoing craniofacial procedures at our institution, where we found hypotension to be relatively common, occurring in 17% of patients. 3 During Evaluation of Central Venous Pressure Monitoring in Children Undergoing Craniofacial Reconstruction Surgery the time period of this review, intravascular volume status was assessed through arterial blood pressure measurement combined with the qualitative assessment of the invasive arterial blood pressure waveform. In response to our findings, we began routinely monitoring CVP in these children in an effort to improve our assessment of intravascular volume status and to prevent hypotension. This practice change was implemented in March 2008 by our pediatric craniofacial anesthesia team; subsequent central line insertion was not influenced by which surgeon was operating.
We conducted the present study to assess the effect of this practice change on the incidence and duration of hypotension in infants and children undergoing craniofacial reconstruction surgery. The secondary aim of this study was to assess the relationship between CVP and hypotension in this population.
METHODS

Effect of CVP Monitoring on the Incidence and Duration of Hypotension
To assess the effect of CVP monitoring on the incidence and duration of hypotension, perioperative data from a historical cohort were compared with matching data from a cohort of subjects with CVP monitoring. Our primary hypothesis was that the use of CVP monitoring would be associated with a reduction in the total duration of hypotension in subjects who experienced hypotension. Our secondary hypothesis was that the incidence of subjects having at least 1 episode of hypotension would be reduced with the use of CVP monitoring.
The historical cohort subjects in the present study are a subset of subjects on whom we reported in a previous publication. 3 Of the 159 subjects from this previous study, the historical cohort included subjects who were 6 to 24 months of age who underwent fronto-orbital advancement or posterior cranial vault reconstruction between December 1, 2001 , and January 1, 2006. This age group was chosen for study because the majority of cranial vault reconstructions are performed at these ages. Data for the CVP cohort were obtained through a query of our prospective craniofacial surgery perioperative registry between April 14, 2008, and July 1, 2011, for subjects who had CVP monitoring and who met the same age and surgical procedure criteria as in the historical cohort. A previous publication from our group examined heart rate behavior during hypotension in this same group of subjects from our prospective registry. 4 IRB approval was obtained for data collection and research use of data for the historical cohort 3 and the CVP cohort. 4 Data were collected through review of the electronic anesthesia record (Philips Healthcare, Bothell, WA), patient chart, intensive care unit (ICU) flow sheet, progress notes, and discharge summary. Collected data included age, weight, gender, diagnosis, surgical procedure, history of previous craniofacial surgery, presence of a craniosynostosis syndrome, and all fluids and blood products administered intraoperatively. Preoperative, intraoperative, and postoperative laboratory values were also recorded. For each hypotensive episode in the CVP cohort, the expired volatile anesthetic agent concentration at the onset of hypotension was recorded from the electronic anesthetic record. In both study groups, intraoperative blood loss was calculated in the manner described by Kearney et al. 3, 5, 6 Episodes of hypotension were identified through examination of intraoperative invasive arterial blood pressure data captured in 15-second intervals from stored electronic anesthesia records. For the purposes of this study, an episode of hypotension was defined as occurring when the mean arterial blood pressure (MAP) was <40 mm Hg for at least 3 consecutive entries (captured at 15-second intervals). The end of an episode was defined as the last time point at which the MAP was <40 mm Hg before increasing to ≥40 mm Hg for at least 2 consecutive entries.
Demographic data, including age, weight, gender, diagnosis, and surgical procedure, were compared between the 2 study cohorts. The calculated blood loss for all subjects and for subjects with hypotension in the 2 study groups was compared. The total duration of hypotension in the hypotensive subjects was compared in the 2 study groups. The incidence of subjects who had at least 1 episode of hypotension was compared in the 2 cohorts.
Assessment of the Relationship Between CVP and Hypotension in the CVP Cohort
To assess the relationship of CVP to hypotension in the CVP cohort, CVP at the onset of hypotension (when the MAP first decreased below 40 mm Hg) was compared with CVP 5 minutes before and with CVP 5 minutes after this time point. We also compared CVP at the onset of hypotension to the baseline CVP. We hypothesized that CVP values at the onset of hypotension would be significantly decreased relative to baseline CVP and CVP 5 minutes before and after the onset of hypotension. Lastly, we assessed the amount of time spent at various CVP levels relative to the baseline CVP and determined the percentage of time that was associated with hypotension. A description of how these analyses were performed follows.
For each subject in the CVP cohort, intraoperative vital signs were extracted from the stored electronic anesthesia record. Extracted data included the invasive systolic blood pressure, MAP, and CVP. These data were extracted over the time period starting 10 minutes after scalp infiltration with epinephrine until 20 minutes before the recorded end of surgery, as was done in our previous study of this group of subjects ( Fig. 1 ). 4 The time points delimiting this studied intraoperative interval were selected to capture the period during which the craniofacial operation was being performed. 4 The extracted vital signs for each subject were graphed. As previously described, visual inspection of the graphs was performed by 2 investigators (PS, EL) to identify and remove artifact using strict criteria. 4 After removal of artifact data, the graphs were inspected to identify all episodes of hypotension.
For the analysis of the relationship between CVP and hypotension, the baseline CVP was defined as the median CVP over the first 2 minutes of the studied intraoperative interval ( Fig. 1 ). For each hypotensive episode, the median CVP over 1-minute epochs was calculated at the onset of hypotension (T0, starting when the MAP first decreased below 40 mm Hg) and 5 minutes before (T -5) and 5 minutes after (T + 5) the start of the episode (Fig. 2 ). Oneminute median values were used to account for natural variability present in the raw data. A median value was used to represent the central tendency of 4 CVP integer data points each minute rather than a mean value, because median values are more clinically meaningful, as medians of 4 CVP integers occur in increments of 0.5 mm Hg, rather than continuous real numbers that would result from the use of means. The 1-minute median CVP values were compared at T0, T -5, and T + 5. We also compared CVP at T0 with the baseline CVP. Comparisons between CVP at T0 and CVP at T -5 or T + 5 were excluded if there was overlap with another episode of hypotension (i.e., the subject was hypotensive at this time point). For the analysis of CVP at T0 compared with the baseline CVP, all episodes of hypotension were included.
We then assessed the amount of time spent at various CVP levels relative to the baseline CVP over the entire studied interval for each subject. For this analysis, 1-minute median CVP data over the entire studied interval in each subject were analyzed to determine how many minutes were spent at different CVP levels below the baseline CVP. The total number of studied intraoperative minutes was tabulated for all subjects together with the total time spent at various CVP levels below baseline, as well as the total time that there was hypotension at each of these CVP levels. Cases were excluded from this analysis if the baseline CVP could not be determined or if the baseline CVP was >15 mm Hg.
Conduct of Anesthesia and Surgery
All subjects had general endotracheal anesthesia with standard American Society of Anesthesiologists monitoring. Mask induction of anesthesia was performed with sevoflurane, nitrous oxide, and oxygen. Each subject had 2 peripheral IV catheters and a radial arterial catheter placed. In the CVP cohort, central venous lines were placed in the internal jugular vein under ultrasound guidance followed by radiographic confirmation of tip position in the superior vena cava or at the cavoatrial junction. The CVP transducer was secured to the operating table and was positioned with the zero reference at the level of the anterior midaxillary line. Normothermia was facilitated by a circulating warm water blanket, a forced air warmer, and an IV fluid warmer. Before skin incision, the scalp was infiltrated with epinephrine 1:400,000 up to a maximum of 4 mL/kg. Anesthetic maintenance was with isoflurane, sevoflurane, or desflurane in the air and oxygen. Intraoperatively, fentanyl or morphine was administered for anesthetic supplementation and postoperative analgesia. Anesthetic management, fluid management, and blood loss replacement were at the discretion of anesthesia providers without a fixed protocol. In the historical cohort, blood loss was replaced with crystalloid, colloid (albumin), and packed red blood cells (PRBCs). Hemostatic blood products (e.g., fresh frozen plasma [FFP], platelets) were administered as judged necessary by anesthesia providers. In the CVP cohort, blood loss was replaced with crystalloid and reconstituted blood (made by combining FFP and PRBCs). Additional hemostatic blood products were administered as judged necessary by anesthesia providers. The antifibrinolytic epsilon-aminocaproic acid was administered to 11 subjects in the CVP cohort. Additional techniques to limit blood loss and transfusion such as preoperative erythropoietin administration, controlled hypotension, cell salvage, or acute normovolemic hemodilution were not used in either study group.
Craniofacial Surgery Perioperative Registry
Enrollment in the registry began on April 14, 2008. Children of English-speaking parents having craniofacial reconstruction surgery involving a craniotomy were systematically approached for enrollment at the preoperative anesthesia visit. After we obtained written informed consent, enrolled subjects had demographic data and data pertaining to their perioperative course and management entered into a deidentified computer database (Microsoft SQL Server 2000). 
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Data Analysis
Data were stored using Excel (Microsoft Corp, Redmond, WA) and were analyzed using JMP 9 (SAS Institute Inc., Chesterbrook, PA) and SAS version 9.2 (SAS Institute Inc., Cary, NC). Histogram plots were used to check the normality of age, weight, preoperative hematocrit and surgery duration. The values of weight, preoperative hematocrit, and surgery duration were normally distributed; age was not normally distributed. χ 2 or Fisher exact test was used for categorical data and the Wilcoxon rank sum test or t test was used for comparisons with continuous data. To account for multiple episodes of hypotension that occurred in some subjects, a linear mixed effects model was used to calculate the 95% prediction intervals for the change in CVP between the study time points. A separate analysis using the linear mixed effects model was also fitted to assess the relationship between the severity of hypotension and the magnitude of the change in CVP from T -5 to T0. The severity of hypotension was defined as the magnitude of the difference between the nadir MAP and 40 mm Hg. The nadir MAP was defined as the lowest MAP recorded during a hypotensive episode. A P value of <0.05 was considered to be significant.
For the comparisons between the historical cohort and the CVP cohort, we treated our data as if patients were randomized to study group. A propensity score analysis was performed to assess the balance of demographic covariates between the 2 study cohorts. We defined the propensity score as the probability of a subject being assigned to the historical cohort. We estimated the propensity score for each individual using multivariable logistic regression with the group assignment (CVP versus historical) as the outcome of interest. Age, weight, gender, surgery duration, preoperative hematocrit, diagnosis, surgical procedure, and primary versus secondary operation were included as independent variables. The propensity score distribution was then used to group subjects into 5 quartiles according to the probability of being assigned to the historical cohort. We used t test and χ 2 test to determine if the covariates were balanced within the quartile and among the entire sample.
RESULTS
The application of study inclusion criteria to our historical dataset yielded a historical cohort with data from 115 procedures performed on 105 subjects. The registry query yielded a CVP cohort with data from 57 procedures performed on 53 subjects. Demographic data from these 2 cohorts are presented and compared in Table 1 . The mean (SD) propensity score was 0.67 (0.06) for the entire sample [CVP: 0.658 (0.063); historical: 0.674 (0.058)]. Two quartiles were identified among 172 subjects. Nineteen subjects (8 CVP and 11 historical) had a propensity score ranging from 0.4 to 0.6 in quartile 1. One hundred fifty-three subjects (49 CVP and 104 historical) had a propensity score ranging from 0.6 to 0.8 in quartile 2. All covariates were not statistically different between CVP and historical subjects within each quartile (all P > 0.34; all standardized difference ≤ 0.56). In addition, the mean propensity score was not different for CVP and historical subjects in each quartile and among the entire sample. This suggests that the covariates were balanced within the quartile and among the entire sample between the CVP and historical cohorts.
In the assessment of the effect of CVP monitoring on hypotension, the incidence of hypotension was 18% in the CVP cohort versus 21% in the historical cohort; the difference in the incidence of hypotension was -3% (95% confidence interval, -10% to 15%, Table 2 ). The 95% confidence intervals for the differences in calculated blood loss between the 2 study cohorts comparing all subjects and subjects experiencing hypotension are shown in Table 2 . There were 29 episodes of hypotension occurring in 10 subjects in the CVP cohort. The median baseline CVP in these 10 subjects was 7 mm Hg (range: 3-9 mm Hg). The median end-tidal expired concentration of volatile anesthetic at the onset of hypotension was 1.9 vol% sevoflurane (range: 1.6-2.9 vol%), 5.9 vol% desflurane (range: 3.6-7.8 vol%), and 1.0 vol% isoflurane (range: 0.9-1.3 vol%). Using age-specific minimal alveolar concentration (MAC) values of 9.9 vol% desflurane in 6 to 12 month olds, 7 8.7 vol% desflurane in 12 to 24 month olds, 7 2.5 vol% sevoflurane, 8 and 1.8 vol% isoflurane, 9 the median expired anesthetic dose at the time of hypotension was 0.7 MAC (range: 0.4-1.2 MAC). None of the episodes of hypotension in the CVP cohort was preceded by an IV opioid bolus within 10 minutes of the onset of hypotension. The 1-minute median CVP at the onset of hypotension was less than the baseline CVP for 28 of 29 episodes (97% of the episodes). Raw hypotensive episode data are presented in Table 3 .
For the analysis comparing CVP at the onset of hypotension (T0) with CVP 5 minutes before (T -5) and 5 minutes after (T + 5), 5 of the T -5 data points and 5 of the T + 5 data points were excluded because of overlap with another episode of hypotension. CVP data were not recorded in the electronic anesthesia record at T + 5 for 1 episode (episode 28, Table 3 ), leaving 24 and 23 data comparisons in each group, respectively, for analysis. Analysis using a linear mixed effects model showed a significant decrease in CVP from T -5 to T0, a significant increase in CVP from T0 to T + 5, no significant difference in CVP between T -5 and T + 5, and a significant decrease in CVP from baseline to T0. The estimated change in CVP between these study time points together with the 95% prediction intervals are shown in Table 4 . The change in CVP from T -5 to T0 was significantly associated with the severity of hypotension (P = 0.002). The model estimated that CVP from T -5 to T0 decreased 0.25 mm Hg (SE = 0.066) for every 1 mm Hg decrease in MAP below 40 mm Hg.
We then evaluated the total time spent by all evaluable subjects at or below CVP levels ranging from 1 to ≥5 mm Hg below the baseline CVP and calculated the percentage of the total studied intraoperative period for all subjects. The associated incidence of hypotension when CVP was at or below each of the levels from 1 to ≥5 was calculated ( Table 5 ). We also determined the total amount of time spent at specific CVP levels below the baseline together with the associated incidence of hypotension at each specific CVP level (Table 6 ). Lastly, we examined CVP relative to the baseline during the studied interval for all cases and determined the median and the 2.5th, 25th, 75th, and 97.5th quantiles ( Table 7) . For each of the above assessments, 1 case was excluded because the baseline CVP could not be determined because CVP was steadily increasing at the start of the studied interval, and 3 cases were excluded because baseline CVP was >15 mm Hg. There were no episodes of hypotension that occurred in any of the excluded cases.
DISCUSSION
Massive hemorrhage during craniofacial surgery is common and often results in hypovolemia. 5, [10] [11] [12] Monitoring of CVP has been advocated as a tool for intravascular volume status assessment in this population. 13 We began monitoring CVP in these children routinely, after identifying hypotension to be a common problem in our practice. Before this, we assessed volume status in these children through a combination of invasive arterial blood pressure measurement and qualitative assessment of the invasive arterial waveform. In our evaluation of the effect of this practice change, we found that neither the incidence nor the duration of hypotension was decreased. Although there was no specific protocol in this study for how CVP was used to direct fluid management, our data represent the effect of this monitoring tool that was specifically placed to aid intravascular volume assessment as it was used for this purpose by subspecialty trained pediatric anesthesiologists.
In the infants and children in this study experiencing massive blood loss, hypotension was associated with a decrease in CVP, whereas resolution of hypotension was associated with an increase in CVP to prehypotensive levels. In the majority of cases (97%), CVP at the onset of hypotension was less than the baseline CVP. However, although hypotension was consistently associated with a decrease in 
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Central Venous Pressure Monitoring During Pediatric Craniofacial Surgery CVP, the reverse was not true. As an illustration of this, the median decrease in CVP at the onset of hypotension was 3 mm Hg lower than the baseline CVP. Of the 9,773 minutes that were studied, CVP was 3 mm Hg or more below the baseline for 1,583 minutes (16% of the total time), with an associated hypotension incidence of only 2% (Table 5 ). These findings suggest that CVP monitoring (as it was used by the practitioners in cases evaluated in this study) was not a useful monitor of intravascular volume status, because CVP was often below the baseline without associated hypotension. It should be noted that anesthesiologists may have used the trend in CVP rather than absolute values to guide fluid therapy. Nonetheless, our finding that neither the incidence nor the duration of hypotension was improved calls into question the effectiveness of this hemodynamic monitor. The use of CVP monitoring in craniofacial surgery is not a routine practice at most institutions. A recent practice survey revealed that among centers where complex cranial vault reconstructions are performed, the majority of centers monitor CVP in <10% of patients undergoing these procedures, whereas only 15% of centers monitor CVP in nearly all of their patients. 14 Some authors have commented subjectively on the value of the information from CVP monitoring in this population, suggesting that its use may help avoid hypotension and hypovolemia. 13 There is currently little if any published evidence that CVP monitoring in children is an effective monitor of intravascular volume status that is helpful in preventing hypovolemia. The results of the present study show that routine use of this monitor was not associated with a decreased incidence or duration of hypotension in children undergoing craniofacial surgery. However, because our study was retrospective and fluid management was not standardized, a controlled prospective study would be needed to assess whether the incidence and severity of hypotension could be meaningfully decreased by systematically directing fluid therapy on the basis of CVP.
Perioperative cardiac arrest in children is most commonly attributed to cardiovascular causes, and in these Hg)  1  6  36  105  7  6  5  Excluded  2  6  36  210  7  Excluded  4.5  7  3  6  38  45  7  7  5  Excluded  4  6  38  60  7  Excluded  5  6  5  6  31  120  7  7.5  4  7.5  6  6  35  135  7  6.5  4  8  7  16  23  300  7  7  5.5  Excluded  8  16  25  60  7  Excluded  2  Excluded  9  16  31  120  7  Excluded  3  9  10  16  35  60  7  5  4  5.5  11  16  38  120  7  4  4  5  12  17  37  165  6 34  180  7  4  3  5  23  42  32  315  7  5  5  5  24  45  22  240  4  7.5  1  4  25  52  38  60  3  3  5.5  3  26  52  37  225  3  2  2  2  27  52  38  90  3  2  2  Excluded  28  52  37  105  3  Excluded  2  Not available  29  55  35  90  9  7  4  9 CVP = central venous pressure. cases, hypovolemia from blood loss is the most common etiology of arrest. 15 In the most recent report from the Pediatric Perioperative Cardiac Arrest registry, the absence of CVP monitoring was identified as a contributing factor in 22% of children who suffered intraoperative cardiac arrest as a result of hemorrhagic hypovolemia. 15 However, the conclusion of 1 review recommends against the use of CVP monitoring for guiding fluid therapy decision making. 16 All of the 24 studies included in this review were conducted on adults, and nearly all of the studies involved ICU patients, coronary artery bypass patients, vascular surgical patients, or septic patients. 16 Much attention has been focused on the use of dynamic variables to direct fluid therapy, such as plethysmographic waveform amplitude variability 17, 18 and changes in variables derived from the arterial waveform. [19] [20] [21] [22] Nearly all of the available evidence in adults suggests that these dynamic hemodynamic variables provide more predictive information for fluid responsiveness of hypotension than static hemodynamic variables such as CVP. 22, 23 Venous capacitance is large, and significant changes in total intravascular blood volume may only result in small changes in CVP. 24 In our study, the magnitude of CVP change associated with hypotension was often small, both when compared with the baseline and when compared with CVP 5 minutes before hypotension. Most studies evaluating the performance of hemodynamic variables as monitors of intravascular fluid status have assessed whether a response to a fluid challenge can be predicted. These studies have generally involved hemodynamically stable patients, critically ill patients, or patients after cardiac surgery. 19, [25] [26] [27] [28] Studies evaluating the performance of these variables in humans in the setting of actual hemorrhage and replacement are generally lacking. Most experiments of this nature have been done in animal models [29] [30] [31] ; we are aware of 1 study in adult subjects that evaluated hemodynamic variables during controlled induction of hypovolemia with a diuretic, 32 an experiment that will likely never be done on children.
It is interesting that some studies have shown that many of the hemodynamic variables that predict fluid responsiveness in adults do not predict fluid responsiveness in children, 33, 34 whereas other studies have shown conflicting results. 35, 36 Common to most of these studies, however, is the poor ability of CVP to predict fluid responsiveness. The results of our study seem to be consistent with this, supporting the notion that central line insertion should be reserved for children in whom adequate venous access is difficult or in those in whom central venous access is needed for medication administration.
Insertion of central venous lines in children is not without risk. 37, 38 The Pediatric Perioperative Cardiac Arrest registry report found that injury (vascular and lung) occurring during placement of central venous catheters was the most common cause of equipment-related cardiac arrest. 15 The development of monitors that provide continuous automated quantitative dynamic hemodynamic variables and their validation as monitoring tools for intravascular volume status assessment in children may provide alternative monitoring modalities with less associated risks. Further study may enable evidence-based decision making regarding the assessment of intravascular volume status in this population.
Although there were numerous instances of hypotension observed in this study, there were no apparent sequelae of these episodes. The long-term effects of relatively brief periods of hypotension in infants are unclear. Nevertheless, few would argue against directing efforts at avoiding hypovolemia and hypotension.
Limitations
Although this study was retrospective, the fidelity and high frequency of data capture with our electronic anesthesia record-keeping system provide a rigorous dataset that is objective and without reporting bias. 4 Another possible 
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Central Venous Pressure Monitoring During Pediatric Craniofacial Surgery limitation is that our definition of baseline CVP may not have been appropriate. We chose CVP over the initial 2 minutes of the recording period because, at this point, fasting fluid deficits have been replaced and significant blood loss has not yet occurred; therefore this CVP likely represented euvolemia. As mentioned above, an important limitation is that there was no specific protocol for how CVP was used to direct fluid management. A prospective intervention in which fluid management is specifically targeted to maintain CVP at or above a certain value may yield different results. There were differences in what fluids were used to replace blood loss in the 2 groups. In the historical cohort, blood loss was replaced primarily with crystalloid and PRBCs, whereas in the CVP cohort, blood loss was replaced using reconstituted blood made by combining FFP and PRBCs. 2 Because of this, we were unable to assess the effect of CVP monitoring on intraoperative fluid administration. We are unaware of any reason to believe that this difference in blood loss replacement would have had an effect on the incidence or duration of hypotension. The calculated blood loss variable considers these differences in how blood loss was replaced, and reveals that there were no statistically significant differences in blood loss between the 2 groups.
The definition of hypotension used in this study warrants discussion. There is no standardized definition of hypotension in children. 39 Although safe limits for hypotension in pediatric patients are not well defined, it is doubtful that clinicians would argue that a MAP <40 mm Hg need not trigger a response. Others have specifically described anesthetic management in this population to maintain MAP above 45 mm Hg. 6 Also, we have previously reported on the incidence of hypotension in this surgical population using this definition. 3 It is important to note that hypotension may have been from causes other than hypovolemia, such as venous air embolism, 40 anesthetic overdose, or monitoring artifact. During prospective registry data collection, whether a suspected venous air embolism occurred was systematically assessed, and in no case was this identified. Anesthetic overdose seems unlikely based on the anesthetic concentrations that were present at the onset of hypotension and the absence of bolus opioid administration before any hypotensive episode. Monitoring artifact was limited by careful examination of the extracted data. One-minute medians were calculated to account for the natural variability in CVP present in the raw data.
Finally, some occurrences of hypotension in this population may be unavoidable, such as what might occur during massive precipitous hemorrhage associated with a dural venous sinus tear. Hypotension in these situations will occur regardless of what monitoring modality is used when blood loss replacement cannot keep pace with losses.
CONCLUSIONS
The implementation of routine CVP monitoring was not associated with a decreased incidence and likely was not associated with a decreased duration of hypotension in this population experiencing massive hemorrhage. Hypotension was associated with a decrease in CVP, and resolution of hypotension was associated with an increase in CVP to prehypotensive levels. In 97% of hypotensive episodes, CVP at the onset of hypotension was less than the baseline CVP. One interpretation of these results is that maintaining CVP at or above baseline would prevent hypotension. However, decreases in CVP below baseline were common and infrequently associated with hypotension, suggesting that fluid management directed on the basis of CVP in this way might result in excessive fluid administration. Taken together, these results suggest that the routine use of CVP monitoring is of questionable utility as a monitor of intravascular volume status in this population. E Data are reported from 53 anesthetic records. Four cases were excluded from this analysis. One case was excluded because the baseline CVP could not be determined, and 3 were excluded because the baseline CVP was >15 mm Hg. No subjects with hypotension were excluded on the basis of the above criteria.
